Results
In treatment-naïve 2541 patients started 2583 episodes of treatments with a 3 rd agent. Efavirenz was most commonly used (n = 1096) followed by darunavir (n = 504), atazanavir (n = 386), lopinavir (n = 292), rilpivirine (n = 156) and raltegravir (n = 149). In comparison with efavirenz, patients on rilpivirine were least likely to discontinue treatment (adjusted HR 0.33; 95% CI 0.20-0.54, p<0.001), while patients on lopinavir were most likely to discontinue treatment (adjusted HR 2.80; 95% CI 2.30-3.40, p<0.001). Also raltegravir was associated with early treatment discontinuation (adjusted HR 1.47; 95% CI 1.12-1.92, p = 0.005). The adjusted HR for atazanavir and darunavir were not significantly different from efavirenz. In treatment-experienced 2991 patients started 4552 episodes of treatments with a 3 rd agent.
Darunavir was most commonly used (n = 1285), followed by atazanavir (n = 806), efavirenz 
Introduction
Modern HIV treatment has transformed HIV from a fatal disease to a chronic condition. Since cure is not yet possible, combination anti-retroviral treatment (cART) must be lifelong. Despite the success of therapeutic developments in the past decades [1] , there are still treatment challenges to overcome; among others transmitted drug resistance, adherence, drug to drug interactions and toxicity [2] [3] [4] [5] [6] . Performance and characteristics of antiretroviral (ARV) HIV drug efficacy is well described from randomized clinical trials. However, these trials include a highly selected patient population excluding individuals with anticipated non-adherence e.g. due to drug abuse or psychiatric diseases or patients with interfering concomitant diseases, thereby making the trial populations less representative than the real world patients [7] . To maximize long term treatment outcomes we need to identify the most durable treatment regimens and also investigate other factors independently associated with treatment duration. The Swedish database InfCareHIV includes high quality data from more than 99% of all patients diagnosed with HIV infection in Sweden and provides a unique opportunity to examine outcomes in a nationwide real world cohort [8] .
All ARVs approved by the European Medicines Agency (EMA) are available and free of charge for HIV-infected individuals in Sweden. The Swedish HIV treatment guidelines are regularly updated, with the most recent updates being from 2009 [9] , 2010 [10] , 2011 [11] , 2014 [12] and 2016 [13] . Start of first treatment in treatment-naïve patients has been recommended in all patients with a CD4 cell count <350/μL from 2009, for all patients with CD4 cell count 350-500/ μL from 2011 and in all patients, irrespective of CD4 cell counts, from 2014. The recommended backbone nucleoside/nucleotide reverse transcriptase inhibitor (N[t]RTI) treatment in first line has been tenofovir disoproxil fumarate /emtricitabine (TDF/FTC) or abacavir/lamivudine (ABC/3TC), the latter as first alternative in combination with boosted protease inhibitors. Efavirenz (EFV) has been recommended as initial treatment already prior to 2009 and is also recommended in all following guidelines. Rilpivirine (RPV), launched in Sweden 2012, was included as an alternative for patients with HIV-RNA <100 000 copies/mL Leval and S Valgardsson are employed by Janssen Nordics. The ten authors of this manuscript have all contributed to the study according to what is stated in the Author Contributions section. Five of the authors are HIV clinicians and affiliated with academia (AH, MG, LF, BH,VS), one was a PhD student at Karolinska Institute at the time of the data analysis and manuscript preparation (EH) and four of the authors are employees at and receive salaries from Janssen (SL, AP, AL, SV). This does not alter our adherence to PLOS ONE policies on sharing data and materials. Janssen has in no other way contributed financially to this study and did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of all authors are articulated in author contribution. from 2014. Among protease inhibitors (PIs), boosted atazanavir (ATV) and boosted darunavir (DRV) have been recommended from 2009 while lopinavir (LPV) was excluded as a first line recommendation from 2011 and onwards. Raltegravir (RAL) and dolutegravir (DTG) were included in recommended first line treatments from 2014. No specific recommendations are made in the guidelines regarding the choice of specific drugs in treatment experienced patients, in these the choice of treatment regime is individualized taking into account different variables like reason for switch, prior treatment history, drug resistance and comorbidities.
The aim of the present study was to investigate treatment duration for 3 rd 
Methods

Cohort
InfCareHIV has been set-up as a decision support tool in daily clinical care and is also used as a consultation tool for HIV treating physicians, for research purposes and serves also as the National Quality Registry InfCareHIV in Sweden. 
Exposure status
Included in the treatment-naive analysis were patients starting their first treatment regimen ever during the study period 2009-2014. Included in the treatment-experienced analysis were patients with a prior ARV treatment and starting a new treatment including a 3 rd agent during [2009] [2010] [2011] [2012] [2013] [2014] Analyses are stratified by treatment-naive and treatment-experienced individuals. Only treatments with more than 100 observations of initiation or change of a 3 rd agent in treatmentnaive or treatment-experienced patients were included in the analyses. Adjusted and unadjusted hazard ratios (HR) with corresponding 95% confidence intervals (CI) are shown. Treatment discontinuation rates were calculated (1-Kaplan Meier Ã 100%) overall and per therapy for both naïve and experienced patient populations at 90 days, one year, two years and three years after start of treatment. Data were analyzed using SAS version 9.2.
Ethical considerations
The InfCareHIV registry has ethical approval for studies with retrospective analyses on deidentified patient data (Regional Ethical Review Board, University of Gothenburg Dnr 532-11).
Results
After exclusions a total of 4724 patients and 7142 observations were included in the analyses. 
Baseline characteristics
Treatment-naive patients. In treatment-naïve 2537 patients initiating cART with a 3 rd agent were included in the study during the six year study period [2009] [2010] [2011] [2012] [2013] [2014] . They were predominately male (63%) and 81% were less than 50 years old at treatment start. Transmission route was heterosexual contact in 51%, men who have sex with men (MSM) in 31%, intravenous drug use (IVDU) in 6% and other/unknown in 8%. Data on transmission route was missing in 3% of cases. Thirty-six percent of the patients had African origin, 34% were from Sweden, 16% Asian/Eastern Euroupe and 14% were from Western Europe/North America. In eight percent of the observations the patient had a history of AIDS diagnosis at start of their first ART. Efavirenz was the most commonly used 3 rd agent (n = 1096) followed by darunavir (n = 504), atazanavir (n = 386), lopinavir (n = 292), rilpivirine (n = 156) and raltegravir (n = 149). There were differences in the use of the different ARVs in relation to patient characteristics. This was most clearly seen with rilpivirine that was rarely used in patients with high baseline viral load or low CD4 cell counts; only 3% of the rilpivirine patients had a baseline viral load >100 000 HIV-RNA copies/mL, 3% had a CD4 cell count <200/μL and none of the patients receiving rilpivirine as treatment-naïve had a history of AIDS diagnosis at treatment start. A higher proportion of the patients starting darunavir or lopinavir had a CD4 cell count below 200/μL, and together with raltegravir a higher proportion also had an AIDS diagnosis at start of treatment. Patients starting darunavir or raltegravir more often had a viral load >100 000 copies/mL. Lopinavir and atazanavir were significantly more often used in women. A full description of baseline characteristics for treatment-naive patients can be found in Table 1 . Treatment-experienced patients. During the 6 year observation period 2991 treatmentexperienced patients started 4552 episodes of treatments with a 3 rd agent. At treatment start 58% were male. Transmission route and country of origin were similar to treatment-naive patients. 18% had a history of AIDS at start of treatment and 13% had a CD4 cell count below 200/μL. 57% of the treatments started in a patient with a viral load <50 HIV-RNA copies/mL. In 37% of the observations the patients started a 2nd line treatment, in 23% a 3 rd line and in 39% the patient started treatment line 4 or higher. Darunavir was the mostly used ART with 1285 observed treatments followed by 806 observed treatments with atazanavir. A full description of baseline characteristics for treatment-experienced patient can be found in Table 2 . Overall treatment discontinuation rates. Ten percent of treatment naive patients had discontinued the 3 rd agent within 90 days from start of treatment. After one year 24% had discontinued, after two years 33% and after three years 42%. Among treatment-experienced patients overall discontinuation rates were very similar; 11% after 90 days, 24% after one year, 34% after two years and 41% after three years. Discontinuation rates varied widely between drugs with the highest discontinuation rates seen with lopinavir; approximately half of the patients, both in treatment-naïve and treatment-experienced patients had discontinued lopinavir within one year from treatment start. The lowest discontinuation rate was seen in patients treated with rilpivirine where only 7% and 12% of treatment-naive and treatmentexperienced patients respectively discontinued within one year. Discontinuation rates for all drugs can be found in Table 3 . Patients with an AIDS diagnosis at treatment start had a significantly higher risk for early treatment discontinuation than non-AIDS patients. Other co-variables independently associated with early treatment discontinuation in the multivariate adjusted model were N[t]RTI backbone other than ABC/3TCor TAF/FTC and treatment start year 2011 or later compared to treatment start 2009-2010. When transmission route was known to be heterosexual, patients were less likely to discontinue 3 rd agent treatment than MSM (adjusted HR 0.67; 95% CI 0.56-0.80, p<0.001). Age, gender, hepatitis status, region of birth, CD4 cell count <200/μL and viral load >100.000 HIV-RNA copies/mL at treatment start were not correlated with treatment discontinuation (Table 4) . Treatment-experienced patients. Also among treatment-experienced patients, the use of different 3 rd agents showed significant different correlations to treatment discontinuation.
With darunavir as the reference, patients on rilpivirine had significantly lower discontinuation rates (adjusted HR 0.66; 95% CI 0.52-0.83, p<0.001) and all other drugs had significantly higher risk for discontinuation in the multivariate adjusted analyses; efavirenz (HR Fig 2) . Having a CD4 cell count <200 μL or a viral load >50 HIV-RNA copies/mL at treatment start significantly increased the risk for early treatment discontinuation in the adjusted analyses. Female gender, treatment line 4+ or treatment start 2011 or later also increased the risk. Similar to findings in treatment naive patients, heterosexual transmission route correlated to a lower risk and having a backbone other than ABC/3TCor TDF/FTC correlated to a higher risk for early discontinuation of the 3 rd agent. Treatment experienced patients with no backbone had a lower risk for early treatment discontinuation as well as patients with Asian origin. For complete results, see Table 5 . 
Discussion
As HIV infection needs lifelong treatment, studying treatment duration and factors influencing treatment durability is crucial. This can be done in randomized clinical trials but, for several reasons, a real life cohort study like ours can give additional benefits. First, in a randomized clinical trial you study a selected, small, homogeneous patient group in a strictly standardized setting in order to be able to attribute the effect to the specific intervention, for example, the efficacy of a drug. This might lead to results less applicable outside the study setting [7] . In the present study we had the unique opportunity to be able to study the effectiveness of the most used HIV treatments in an entire national real world HIV cohort. Second, in a randomized clinical trial you exclude the possibility for the physician to use his clinical expertise to individualize the treatment according to patient characteristics. As example, in several clinical studies, efavirenz has been shown to have CNS side effects leading to drug discontinuation in a significant number of patients [14] [15] [16] . In the clinical setting the physician can decrease the risk for discontinuations by not using efavirenz in patients with factors known to increase the risk for neuropsychiatric side effects [17] [18] [19] .
Third, a real world cohort gives the possibility to have a significantly longer observation period than in prospective clinical studies. In this study we followed patients up to 6 years which rarely occurs in a clinical trial.
The overall treatment discontinuation rate in this study was similar for treatment naive and treatment experienced patients; 10% of the patients discontinued the 3 rd agent within 3 months and a quarter within one year. However, the differences between drugs were significant with discontinuation rates one year after start of treatment of more than 50% in lopinavir patients compared to approximately 10% in rilpivirine patients. It is also noticeable that different drugs in the same class of drugs can perform very differently. This indicates that comparisons between classes of HIV drugs do not take into account the specific characteristics of the individual ARVs and therefore can be misleading. We found that the selection of a 3 rd agent seemed to have a stronger influence on treatment duration than demographic or clinical factors. Both in treatment-naïve and treatment-experienced patients, rilpivirine had a significantly lower risk for early treatment discontinuation compared to the other drugs studied. There may be several factors contributing to this. In treatment-naïve patients starting on rilpivirine very few had an HIV-RNA >100 000 copies/ml at start of treatment confirming its use according to label, very few had low CD4 cell counts and none of the patients had an AIDS diagnosis. In treatment-experienced patients starting rilpivirine a high proportion, 87% of the patients, had a viral load below 50 copies/ml at baseline indicating that the main reasons for switch were tolerability issues or simplification. Both in treatment-naive and treatment-experienced analyses rilpivirine still had a significantly lower risk of discontinuation when adjusted for these factors but it is still not possible to rule out an unmeasured bias e.g. the prescribing physicians estimation of the patient adherence level. Our interpretation is that the superiority shown for rilpivirine is partly due to channeling bias where rilpivirine was chosen for being easy to treat patients with an anticipated good adherence, but its favorable side effect profile shown in phase 3 studies also was a contributing factor [20, 21] . Both in treatment-naïve and in treatment-experienced patients starting lopinavir, there was a significant higher risk for early treatment discontinuation compared to all other drugs studied. A plausible explanation is that early in the study period lopinavir was no longer recommended in the Swedish HIV treatment guidelines because of its less favorable gastro-intestinal side effect profile and its more pronounced negative effect on blood lipids compared to the two other recommended protease inhibitors darunavir and atazanavir [11] . Together with the need for twice daily dosing this may have accelerated the switch rate from lopinavir. Also, a relatively high proportion of patients, 40% of naive and 24% of treatment-experienced who used Treatment durations for efavirenz, darunavir and atazanavir were similar in treatmentnaive patients but raltegravir had a significantly higher risk of early treatment discontinuation. In the STARTMRK study patients on raltegravir had significantly fewer drug related adverse events than patients on efavirenz [22] . In our present study naive patients starting efavirenz showed lower risk for early drug discontinuation compared to raltegravir. One explanation may be that physicians followed the recommendation in Swedish treatment guidelines not to initiate efavirenz treatment in patients with psychiatric problems thereby avoiding some treatment discontinuations due to neuropsychiatric adverse events.
In treatment-experienced patients darunavir, the most commonly used 3 rd agent during our study period, showed a significantly lower risk for treatment discontinuation than all other ARVs, except for rilpivirine. In line with clinical trials results our interpretation is that this is a reflection of its favorable side effect profile, compared to other boosted protease inhibitors, together with high efficacy and low risk for resistance development across different patient types [23, 24] . In treatment-experienced patients a high genetic barrier and a low risk for resistance development is of importance if the switch is because of previous treatment failure or sub-optimal adherence [25, 26] .
In line with other reports this study confirms that, besides the ARV chosen, certain baseline characteristics of patients are independently associated with differences in treatment duration [27] [28] [29] [30] . In naive patients we found that AIDS diagnosis and the use of other backbone than ABC/3TCor TDF/FTC increased the risk for early treatment discontinuation. Heterosexual transmission category decreased the risk in comparison to MSM. In treatment-experienced patients, indicators of viral failure or a highly treatment experienced patient increased the risk for early treatment discontinuation; CD4 cell count <200, use of other backbone than ABC/ 3TC orTDF/FTC, being on 4 th or higher line of treatment or having viral load >50 copies ml at start of treatment. In both treatment-naive and treatment-experienced patients, a start of treatment in 2011 or later was correlated to an earlier treatment discontinuation. One possible explanation is that in this time period we had a higher switch rate from older drugs like lopinavir and newer drugs like rilpivirine, elvitegravir and dolutegravir were introduced. There are several limitations with our study the most important being that we cannot provide the reasons for drug discontinuations. Both viral failure with development of resistance associated mutations and some drug toxicities may limit future treatment options while this is not the case in treatment modifications to lower pill burden or to have less frequent dosing.
We also did not have any data on the level of adherence. Neither measurements of adherence nor physician's estimates of adherence were available. Estimated or observed adherence probably has an important impact on the choice of new treatment regimens. Another limitation is that not all kinds of data are included in InfCareHIV. It would have been of interest to see e.g. how socioeconomic factors like education, employment, income, marital status, active drug use influence drug duration time.
Last, the data and the results are mostly applicable to the time period studied and to Sweden or other countries with a similar health care environment. Sweden is a country with a low HIV prevalence, and the care of HIV patients in Sweden is highly specialized; all HIV infected patients are linked to specialized HIV care centers with dedicated multidisciplinary teams of physicians, nurses and social workers, Following the Swedish law of Communicable Disease Act all HIV drugs and HIV health care are freely available for patients but also obliges the patients to keep regular contact with the responsible HIV clinic. All this are contributing to the excellent treatment outcomes in Swedish HIV patients, and we believe Sweden is the first country to achieve the UNAIDS/WHO 90-90-90 targets [31] .
In conclusion, we found that selection of the 3 rd agent is an important factor to maximize treatment duration. The choice of backbone, ABC/3TCorTDF/FTC, had no effect on 3 rd agent duration. Individualizing treatment can avoid some toxicity discontinuations, e.g. efavirenz and CNS side effects. Use of rilpivirine in naïve patients is associated with long treatment duration if use in patients with high viral load or advanced disease is avoided. The same applies to treatment-experienced patients who switch to rilpivirine with undetectable viral load. In treatment-experienced patients darunavir was the mostly used drug and, besides rilpivirine, also showed the lowest risk for treatment discontinuation.
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